Producers and consumers perceive that group rearing of slaughter pigs in deep bedded hoop barns is more welfare-friendly for pigs and produces pork with more desirable eating quality compared to conventional systems. However, little research supports this perception. Our objectives in two separate experiments were to evaluate the effects of housing system on pig welfare, meat quality, growth of finishing pigs, and economic performance. In Experiment 1, treatments included pigs housed in a confinement barn fed a diet based on corn and soybean meal (CCS); pigs housed in a hoop barn fed the same corn-soybean meal based diet sequence (HCS); and pigs housed in a hoop barn fed a diet based on alternative grains (barley, oats, buckwheat, field peas, and expeller soybean meal; HAG). Daily gain was similar for pigs housed in the hoop barns compared to the confinement barn but HCS pigs consumed about 7% more feed (P < .05) than CCS pigs. Average daily gain and feed/gain were depressed (P < .03) by HAG compared with HCS. A trained sensory taste panel detected no differences in eating quality of loins harvested from pigs in this experiment. In Experiment 2, pigs were housed under the same conditions as Exp. 1 except that all pigs received corn-soybean meal based diets. Focal pigs housed in hoop barns demonstrated more exploratory behaviors in a novel environment. Housing treatment had no effect on eating quality of pork. We conclude that hoop barns reduce efficiency of pig growth, and alter pig behavior but have no effect on quality of pork harvested.
INTRODUCTION
Raising pigs in deep-bedded hoop barns is considered to be welfare-friendly by markets that are interested in such issues. These systems are cheaper to establish and are perceived as being more "welfare friendly" for pigs, compared to conventional confinement housing systems. Hoop barns often do not support pig performance equal to confinement systems. Brumm et al. (1997) reported lower growth efficiencies and fatter carcasses of pigs housed in hoop barns compared to conventionally housed pigs likely due to the higher feed intake of pigs housed in hoop barns. Lower energy grains such as barley and oats may reduce fattening of finishing pigs raised in hoop barns.
There is limited scientific literature showing that hoop systems are welfare friendly. Anecdotal evidence suggests that pigs raised in hoop systems are less fearful of humans and novel objects and are easier to handle and load out when they go to market. Fearfulness prior to slaughter during transport and lairage can lead to an acute stress response, which may affect meat quality.
Our primary interests in this project were to assess growth performance, carcass characteristics, meat quality and welfare of pigs in hoop barns compared to typical confinement production. In addition, we were interested in assessing the economic performance of a hoop system compared to an environmentally-controlled, confinement finishing system.
MATERIALS AND METHODS
Two separate experiments in the same housing facilities were conducted at the West Central Research and Outreach Center in Morris, MN, USA. The confinement housing system was a mechanically-ventilated barn with deep anaerobic manure pits located under totally slotted, concrete floors. Fifteen pigs were housed in each pen providing 0.92 m 2 of floor space per pig. No cooling was provided to pigs in the confinement housing system. The hoop housing system consisted of two hoop barns measuring 12 m by 24 m. Each barn was divided along the length of the barn to create two pens measuring 6 m by 24 m. One feeder and one water fountain were located on a concrete floor that extended 6 m into the pen. The remaining area had a packed clay floor bedded with wheat straw to provide a dry sleeping area for the pigs. Experimental treatments were combinations of housing system and diet. Pigs housed in the confinement barn received a vitamin and mineral fortified diet based on corn and soybean meal (CCS). Pigs housed in each hoop barn received the corn-soybean meal diet (HCS) or isolysinic diets containing alternative grains (HAG). The alternative grains diets contained barley, oats, buckwheat, field peas, expeller soybean meal, vitamins and minerals. Composition of the diets changed toward lower energy density as the pigs grew. A three-phase feeding program was used for all diets. Pigs were assigned randomly to housing system and diet within housing system. Pigs remained on their assigned treatments from initiation of the experiment until a target market weight of 113 kg. Labor required for feeding, pig care, bedding, building maintenance and miscellaneous activities were recorded on a barn basis. Labor required for manure removal was not recorded. At harvest, carcass quality was recorded for each pig. Whole, bone-in, loins from 20 pigs per treatment in the winter trial (60 loins in total) were selected randomly from pigs marketed on the same day for meat quality evaluation.
Experiment 2. This experiment commenced on September 9, 2003 and ended on December 22, 2003 and used 450 maternal-line barrows. The pigs in both housing treatments came from a common source that used conventional farrowing crates and nursery. Pigs were assigned randomly to confinement or hoop housing and introduced to their respective housing systems at 9 weeks of age, with 15 pigs per pen in the confinement barn and 90 pigs per pen in the hoop system. There were four replicates (pens) in the hoop system and six replicates in the confinement system. Pigs remained in their assigned housing system until they reached market weight of approximately 114 kg at about 23 weeks of age. During each of four growth phases, all pigs had ad libitum access to a common corn-soybean meal based diet similar to the Control diets in Experiment 1.
Stress physiology was assessed by the concentration of cortisol in saliva samples that were collected from 60 randomly selected pigs in the hoop barn (15/pen) and 40 randomly selected pigs in the confinement barn (10/pen) at 9, 17 and 22 weeks of age.
Focal-animal sampling was used to observe behavior of the pigs in both housing treatments during active periods. Eighty focal-pigs were identified randomly (10 pigs per pen; 4 pens per treatment) at the beginning of the experiment. The same focal pigs were used at each observation session (i.e at 9, 17 and 22 weeks of age). Each pen was observed twice (morning and afternoon) during each observation period at 9, 17 and 22 weeks of age. At 22 weeks of age behavioral responses of focal pigs to a novel object were assessed in a standard test (Hemsworth et al., 1996) where focal pigs were introduced individually into a rectangular pen measuring 4.8 m x 2.4 m and allowed a two-minute familiarization period. Observers assessed locomotion during the familiarization period. After the familiarization period, a novel object (a large orange safety cone measuring 74 cm high with a base of 36 cm) was placed in the pen. During the subsequent 3 minutes, observers assessed the pig's reaction to the novel object. Meat quality attributes were evaluated on all focal pigs according to the procedures described above.
RESULTS AND DISCUSSION
Experiment 1. No significant interactions between treatment and season for any response variables measured in this experiment were noted suggesting that pigs responded similarly to the housing and dietary treatments in the summer and winter trials. Consequently, we will present data that has been summarized across both summer and winter trials.
Pigs were marketed over a four-week period to maximize the number of pigs that would achieve our target market weight of 113 kg. Performance data is expressed as performance for all pigs from the beginning of the study to the day the first pigs were marketed. While daily weight gain to first marketing was similar for pigs housed in the hoop barns compared to the confinement barn (Table 1) , pigs in the hoop barns fed corn-soybean meal diets consumed about 7% more feed (P < .05) than pigs in the confinement barn. Efficiency of gain was about 6% worse for pigs in the hoop barn compared to the confinement barn but this difference was not statistically significant. Feeding the alternative grains diet to pigs in the hoop barn reduced daily weight gain (P < .01) and required more feed per unit of gain (P < .05) compared to pigs fed the cornsoybean meal diet in the hoop barn. No significant health problems were encountered for pigs assigned to any treatments. Mortality was less than 1.0% for all treatments and the proportion of pigs treated in the CCS, HCS, and HAG treatments was 2.85, 5.62, and 7.86%, respectively. These differences were not statistically significant.
Only 62% of the HAG pigs achieved the desired market weight during the marketing period compared with 81% and 80% for CCS and HCS pigs, respectively ( Table 2 ). The marketing period was dictated by the fastest growing pigs (CCS and HCS) so a relatively low proportion of the slower growing HAG pigs were ready for market at the beginning of the marketing period. Delaying the marketing period by 10 days for the HAG pigs would have resulted in a substantially greater proportion of the pigs achieving the desired market weight. Pigs in the HCS treatment were fatter than CCS pigs as evidenced by a significant increase in backfat depth at the last rib and by the lower percent carcass lean. Pigs in the HAG treatment had reduced backfat depth (P < .05) and numerically increased percent carcass lean compared to HCS pigs. It is difficult to ascertain whether these differences were due to the lower energy density of the alternative grains diet or the lighter carcasses (P < .05) produced by HAG pigs at slaughter.
Pigs reared in confinement produced loins with more marbling (P < .05), lower drip loss (P < .05), and lower shear force values (P < .01) than similarly-fed pigs housed in hoop barns ( Table  2) . Feeding the alternative grains diet in the hoop barn reduced (P < .05) pH, marbling, and shear force while increasing (P < .01) drip loss and darkness of loin color compared to HCS pigs. Although there were significant differences in various objective measures of pork quality, they generally fell within ranges set by the National Pork Board for acceptable quality pork (National Pork Board, 1998). Despite differences in objective measures of pork quality, trained taste panelists could not discern any differences in quality of pork produced from any of the treatments in this experiment. It appears that confinement or hoop barn systems as managed in this experiment have no effect on eating quality of pork.
Total labor required to care for pigs in the confinement barn was about 14 minutes/pig placed with about 6 minutes of the time used to feed pigs manually (recording feed delivery to individual feeders). The hoop system required 8.5 minutes to care for each pig placed. Total straw bedding required per pig placed ranged from 151 kg for pigs in the winter to 97 kg for pigs during the summer trial.
Direct costs, facility overhead and net returns were calculated for each system (Table 3) . Three key observations are drawn. First, the value per pig marketed was at least $5.00/head lower in the hoop system than confinement, due primarily to greater backfat and lighter weight for pigs marketed from the hoops. The second observation is the greater feed costs of the alternative grains diet translated to direct costs for this system being at least $32/pig marketed greater than the other two systems. Third observation is that smaller facility overhead costs in the hoops were more than offset by high bedding costs. The combination of bedding costs and lower sales prices for pigs in the hoop systems resulted in negative net returns for the hoops relative to the confinement system. Experiment 2. Pigs in the hoops spent more time standing, performed more locomotory behaviors, and interacted with their environment more than the conventionally housed pigs at 9, 17 and 22 weeks of age. Behavioral response data (Table 4) indicated that when confronted with a novel environment the hoop housed pigs were more likely to explore the object (showed more exploratory behavior) during the novel test, had a shorter time to get to the novel object area, had a shorter time to interact with the novel object, and had more interactions with the novel object. These data suggest that pigs raised in hoops may be easier to handle and move, adapt better to novel environments, and show more exploratory behavior in a novel environment compared to conventionally housed pigs.
Salivary cortisol was higher (P < .05) in hoop housed pigs at 9 weeks of age (5.67 vs. 2.31 ng/ml) compared to conventionally housed pigs. These data indicate that the transition from the conventional nursery accommodation may have been more stressful for the hoop pigs. Evidently, pigs in the hoops became accustomed to their surroundings over time as there was no effect of housing system on salivary cortisol at 17 or 22 weeks of age.
While hoop housed pigs had lower (P < .05) loin pH and more (P < .05) purge loss than pigs housed in the confinement barn (Table 5) , the results were within reasonable limits and would not lead to problems with PSE (pale soft exudative) pork from pigs from either housing system (National Pork Board, 1998). Despite significant differences in the objective measures of pork quality, trained sensory panelists could not detect any differences in quality of pork from either of the housing treatments.
CONCLUSIONS
Growth rate of pigs housed in hoop barns is similar but feed intake is higher and efficiency of gain is poorer compared to that of pigs housed in conventional confinement facilities. High bedding costs and low sale price for pigs reduced the economic viability of hoop barns. Housing system does influence pig behavior. Pigs housed in hoop barns are less fearful of novel environments, which may make them easier to handle than confinement reared pigs. Overall welfare of pigs in the two housing systems did not appear to be significantly different. Similarly, eating quality of pork was not affected by housing system. Means with different superscripts differ (P < .01). 
